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® DOSAGE REGIMEN DESIGN




O%J\ GARE| (.’59 doce \ »\D«eWB\MG& 25 W\R Ui <l RN <l d‘u’\w\aﬂoqp

dose regimen) b 5J'L’C/U’ G WY\ 0585 ¢,
(0N SSTNEN TV Reapones;
DOSAGE REGIMEN DESIGN Sogeer ST
MMTCU""'*AL(‘SU ACCLmudnhon==¢ s\er .o
fc})‘"‘”"” Toxialyn =Ae> X
40 = RN L.
30 MTC

\ %
\\L \\\l ANA L k L '\ MEC

§Concentration (mgil)
N

. YAVAY N
f Nt _' o MEchlg)‘} ‘\-Q_y_ﬂw\*\‘)\e s \o&‘- ‘U\*Q“
0 b Lheranudc. S =
0

30 60 90 120 150 '
Time (hours)




U S Agp Q) (to 50)‘\5l1hmpuhc mw\skawé@o"“mcw\a
LALD @c&_\\s-*\d.:\sgmfcsx\ REETIVSIR oS 52 N s P “2uotherpaic

OBJECTIVE OF DOSE REGIMEN DESIGN jj?ﬁ}ﬁﬁf“’
¥ o A WPty = ¥lGol —bs o Mecopic TS <} (3LalSoloc st (o it
QXL.Q\QQmPAb\]‘,é) onJLdeJ-Ud_/C\ cfc§-‘ c,mé.\!gz\ ()-W\CJ‘\> LYY\ \a»

The objective is to maintain a minimum
inhibitory concentration (MIC), or a minimum
effective concentration (MEC) or to obtain a
desired peak or a mean steady state
concentration. &=sets dose reggmond sl e O8e i o Sx\obed Wl isws,
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«rCalculations are based on the equations on
i@crug accumulation for multiple dosing with
“fixed dose sizes and fixed dosing intervals as
discussed in

"Pharmacokinetics of Multiple Dosing."
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INTRODUCTION- THERAPEUTIC RANGE

o In general, a therapeutic range should never be
considered in absolute terms, as it represents no more
than a combination of @Febability charts. In other
words, a‘therapeutic range is a range of drug
concentrations within which the probability of the
desired clinical response is relatively high and the
probability of unacceptable toxicity is relatively low.

o Moreover, with most drugs there are discrete
subpopulations (because of disease, age,
concurrent therapy, inheritance‘ and so forth) for
whom concentration-effect relationships differ from
the norm. the process of selecting the most
appropriate dosage regimen to achieve
concentrations in a relatively may be

complicated by unpredictable and
* variability in the drug's.

pharmacokinetics.




ASSUMPTIONS

The equations for determination of dose sizes and
dosing intervals are based on the open one-
compartment model. Therefore, one must recognize
the implications, assumptions, and limitations.

[t is assumed that all pharmacokinetic parameters
remainfconstant during the course of therapy once a
dosage regimen has been determined. In case one or
more of the factors change, the once established
dosage regimen is no longer valid.
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FACTORS INFLUENCING DOSAGE
REGIMEN DESIGN

The design of proper therapy depends on

-~ (Pharmacokinetics of the drug: Vp, k, t,, Cl
~ (Pharmacodynamic) therapeutic response and

toxicity

~ (Biopharmaceutics: type of dosage forms and release

profile of the drug (fast, sustained, ...)

- ClificalStateoniepatent: any disease that affect

renal and/or hepatic clearance or general health

state of the patient

~ (Metabolism of drug: fast, slow metabolizing patients ‘
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FACTORS INFLUENCING DOSAGE REGIMEN
DESIGN

For the time being we will focus

on the following when designing

dosage regimen:

Therapeutic index: Toxic level

MTC /Minimum Effective level
s 0\9\‘35 c_-&\ e N

(MEC) AEC3) MTC@A_}Q:-J-J’

t;,, of the drug et = T3

MTC

MEC
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MEC and MTC
ty;, of the drug is used to

determine the dosing interval (t)
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PROTOCOLS FOR PHARMACOKINETIC-
GUIDED DOSING REGIMENS

Clinically, it may be necessary to apply pharmacokinetic
principles to determine dosing regimens for individual
patients when one or more of the following criteria are met:

A drug has amarrow therapeutic range, and plasma
concentrations are outside the range are associated with
serious clinical consequences.

A drug displays widef(interpatient variability in its
pharmacokinetic parameters.

A patient possesses a characteristic that is frequently
associated with altered pharmacokinetics. This may include
renal disease, hepatic disease, altered activity of the drug
metabolizing enzymes or transporters as a result of genetie
polymorphism or concomitant medications.



PROTOCOLS FOR PHARMACOKINETIC-
GUIDED DOSING REGIMENS

Steady state can be reached by giving a loading dose

and/or by multiple dose (after certain time)

We have three protocols for designing a proper dose
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DOSAGE REGIMEN DESIGN, MAINTAINING THESAMEAVERAGE

CONCENTRATION AT SS (Cssay) BASED ON FIXED CMAX AND CMIN

i.v. one compartment multiple dosing regimen design

First, MTC and MEC for the drug should be known
ZMKL)—'_N

N
Then, the time needed for the concentration to drop

from MTC to MEC is determined; i.e. Maximum

dosing interval (T)

If we exceed (T), therapeutic failure happens so we’ll call it
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the concentration falls below the MEC
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Dosage Regimen DeSign, Maintaining the same

average concentration at SS (C..,,) based on fixed Cmax and Cmin
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i.v. one compartment multiple dosing regimen design
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Dosage Regimen DESign, Maintaining the same

average concentration at SS (C,,,) based on fixed Cmax and Cmin

i.v. one compartment multiple dosing regimen design

Determination of the maximum maintenance dose

(X0 ..x), that can be given without reaching the MTC

f29 Asp
lo Gouleb <t Maximum dose (DOy,)
CMTC Jes)

M

(X0 ) Maximum (effective) maintenance dose =(MTC-MEC)*V
ax

MTC

MEC

Toxic dose

MTC

MEC

D

In practice, XOMax and T,y are determined at the beginning of

dosing regimen and the values that used clinically are lower to avoid
toxicity or therapeutic failure but result in same Cssav




Dosage Regimen DeSign, Maintaining the same

average concentration at SS (C,,,,) based on fixed Cmax and Cmin

i.v. one compartment multiple dosing regimen design

X0, when administered every 1,,,,, it will produce an

average concentration during that dosing interval

Thus, Cssav can be determined from TI;

dggc
cter 0
X 0
C/ _ max Xmax = Css(av)Cl >l<z-max
ss(av) — Cl*r \g)m% Y
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X' =(MTC-MEC)*V, J¥e kK
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Dosage Regimen DeSign, Maintaining the

same average concentration at SS (C,,,,) based on fixed Cmax
and Cmin----STEP BY STEP

Estimate the desired (target) average steady state
concentration

- _ MTC - MEC
sstav) Y n(MTC/MEC)

Estimate the maximum allowable T max

Tmax :144 *tl/z *IHTI
TI= MTC/MEC
InT/
Tmax _
k




Dosage Regimen DeSign, Maintaining the

same average concentration at SS (C,,,,) based on fixed Cmax
and Cmin----STEP BY STEP

3)Chose a practical T based on the calculated tmax
(e.g. 6,8,12,24 hrs)

4) Calculate the dosing rate (Xo/t)

XO
Cl*rt

Css(av)

Dosing rate= Cl*Css,,



Dosage Regimen DESign, Maintaining the same

average concentration at SS (C,,,,) based on fixed Cmax and Cmin----
STEP BY STEP

Calculate appropriate dose from dosing rate
(step 4) and practical T (step 3)

Dose= dosing rate*t

Re-calculate Css (max, min, avg) using the
practical dosing interval and the chosen dose.
To recalculate Cmaxss and Cminss you need
first to calculate R



EXAMPLE 1

. s £92 —
o Drug X has the following characteristics: /-,J;—.Z— >0

o Cl= 3.2 L/hr, Vd=35L, elimination half life7.6hr
F=1, TI=10-20 mg/L. Design a practical dosage
regimen for drug X after intravenous
administration based the values of TI C,\l\_g/g)‘qosjl,:)‘)_; ,
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EXAMPLE 1

- 20-10
SS avg= n(20/10) = 14.4mg/L
_ In(20/10)
Tmax = :+ =7.6hrs
0.091

A practical T would be 6 hrs

Dosing rate (Xo/1)= Cssavg*CL=14.4*3.2=46 mg/hr
Dose= dosing rate*t1=46*6=276 (round the number to the
nearest available commercial strength of the drug e.g. 275mg)



EXAMPLE 1

[f we re-calculate Cmaxss, Cminss and Cavgss, the
following values will be obtained

Cavgss= 14.4 mg/L
R=2.4
Cmaxss=18.9 mg/L

Cminss=11 mg/L; so they are with in the required
range

[f a loading dose is required then D, =R*D
Loading dose=275*2.4=660 mg



DOSAGE REGIMEN DESIGN, MAINTAINING THE SAME CSS(MAX]

>

>

It is important to maintain maximum concentration

(Cssmax ) for some drugs.

For instance, the Kkilling activity of some antibiotics (dose
dependent) depends on the drug’s maximum
concentration so by increasing the concentration of the
drug, efficacy of killing the bacteria increased

exponentially.

So whenever we give a dose, we need to get a certain
Cssmax

Thus all calculations are based on Cssmax



DOSAGE REGIMEN DESIGN, MAINTAINING THE SAME

Cssmax)
1) Find the maximum t max as explained in the previous
slides
2) Find practical t, which should be less than tmax and use it

in calculations of the dose

3) From the Cssmax equation (CSS(Max) is determined from

MTC) calculate the required dose based on the practical tau

0 % — X ’ x 1
Css(max) = C R Css(rnax) B VD 1 — e_kf

0 _
X :Css(max)*VD(l_e kr)




DOSAGE REGIMEN DESIGN,
MAINTAINING THE SAME Cgg(max)

o REMEMBER to recalculate the Cmaxss using
the chosen dose and dosing interval and decide if
your regimen is suitable

Crmot §9U5 % 456 lefn Je U dose)) =gt 12Y By Lot = o0

(anisoiakic dose. cependinl) 120 1> ESs =55 Crmax N0 =2
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DOSAGE REGIMEN DESIGN, MAINTAINING THE
SAME CSS(MIN)

> In this approach, the concentration should be kept
_ _ 93’ [V’J" olose )‘_EVI'CF:AIPLP,SJ Cmin
above certain concentration “q s, Y. 445 0 e qUR mathg
Qe . (AS0N by 3
> Some antibiotics are called time dependent so we

have to keep the concentration above MIC like

sulfonamides

» In designing any dosage regimen this means that

we have to fix the Cssmin

» The design the regimen based on Cssmin, the same
steps explained in the previous slides ,however the

dose is calculated from Cmin



DOSAGE REGIMEN DESIGN,
MAINTAINING THE SAME Cgg(mn)

—k
Css(min) = C 0 R * e "™

X0 1

* *e—kTr«/
— —k Toux
VD 1 e

Css(min) —

Cys(miny) *Vp (1- e F5%
e—kM
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DOSAGE REGIMEN DESIGN, EXTRAVASCULAR

ADMINISTRATION dose Yegran sodC—pA_el o5t o3l &
LIV A S M%\?M%\Q >

* Designing dosage regimens after oral administration is

more complex than after intravenous administration.

* One extreme case that simplifies calculations is when
Ka is large thus the duration of the absorption phase is
short (SHORTER THAN SIXTH the half Ilife),
absorption is rapid and instantaneous, in such case the
previous intravenous equations apply for extravascular

administration but F needs to be accounted for.

_ In7T1

Tmax __ +ifmax
k




DOSAGE REGIMEN DESIGN, EXTRAVASCULAR
ADMINISTRATION

Oral one compartment multiple dosing regimen

design

X0 when administered every t,,.,, it will produce an

average concentration during that dosing interval

Gvo&\égg_g\
Fx°
Css(av) - =
Cl*T_ .«




DOSAGE REGIMEN DESIGN, EXAMPLE

> An antibiotic is used intravenously to treat lower respiratory tract

infections has elimination rate constant = 0.16/hr, volume of distribution
A\
=10 L, and therapeutic window betweenQO and 100 mg/l.} Design a dosage

regimen for optimum efficacy, based on:

» Average concentration at steady state

> Maximum concentration

> Minimum concentration

35



SOLUTION

Based on(Css average

» tmax = In (100/10)/0.16 =» 14.4 h =» Practical T is 12h

———— MTC—MEC = 10010
» Cssavg=> 39.1mg/L(/ IhT 10

~ Dosing rate=Cssavg*CL=»39.1*0.16*10=»62.56mg/h
K w V&
~ Dose=62.25*12=750.7 mg =»750 mg twice daily
T macx pracho!
Recalculate Cssmax and Cssmin to ensure you are in the

=1 =1
R= |—e~KTmes | -~ e~ 0li%I12 =11#

Y

therapeutic range

olose vd
~ Cssmax=(750/10)*R(1.17)=>»87.75mg/L '
/mpm)ics\oxe = ~
~ Cssmin= Cssmax*eXt =»12.86 mg/L / Yarge.



BASED ON CSSMA® AND CSSMIN

Css(ax)=C,*R=> 1%
Xy=(Cssmax*VD)/R=>»100*10/1.17=854.7=2»860
mg twice daily

Cssmin= Css(max)*R*e Xt -)
Xo= (Cssmm*VD)/(R*e g )-) 2 =600 mg twice

daily ;0 v

Remember that calculation were based on
practical T of 12 h calculated earlier.

Remember to double check the final
concentrations after approximation of doses



